How genomic heterogeneity associated with acquired resistance to targeted agents affects response to subsequent lines of therapy is unknown. Exposure to therapy may result in selection of sub-clonal cell populations, capable of growing under drug pressures. Therefore, a single-lesion biopsy at disease progression may vastly underrepresent the molecular heterogeneity of resistant tumor clones in an individual patient and may fail to detect the existence of distinct but important resistance mechanisms that could impact clinical response. To this aim, we identified a colorectal cancer (CRC) patient in whom multiple tumor biopsies were obtained at resistance following prolonged response to with the anti-EGFR antibody cetuximab and irinotecan therapy. Full-exome sequencing of 1000 cancer genes of both primary tumor and progression biopsy revealed a TP53 mutation in all samples and a novel MAP2K1 p.K57T mutation in one of the progressing liver biopsy. Interestingly, a mutation at the same MAP2K1 codon was identified in the cetuximab-resistant HCA46 CRC cell line. Biochemical analysis of preclinical model showed constitutive activation of MEK and ERK despite cetuximab treatment. Exogenous expression of the same mutant MEK1, but not wild-type MEK1, in an independent RAS-WT CRC cell line, LIM1215, conferred resistance to cetuximab or panitumumab. However, the combination of the MEK inhibitor trametinib with either cetuximab or panitumumab restored sensitivity, suggesting a potential therapeutic strategy to overcome resistance to EGFR blockade caused by this mutation. Accordingly, the patient was treated with the combination of panitumumab and trametinib. After 3 months, imaging demonstrated a reduction in size of the biopsied liver metastasis harboring the MAP2K1 mutation, but revealed that some other lesions had progressed. Plasma for circulating DNA (ctDNA) analysis was longitudinally collected during combinatorial treatment. Pre-treatment plasma was analyzed using nextgeneration sequencing (NGS), confirming the presence of both TP53 and MAP2K1 variants, but surprisingly unveiling an additional KRAS mutation. ddPCR analysis of longitudinal timepopints of ctDNA unveiled that TP53 mutant levels dropped after initiation of therapy, but rose later during treatment with concomitantly/in parallel to CEA ones. However, MAP2K1 mutant levels declined, while KRAS mutant ones rose markedly during therapy, indicating outgrowth of a resistant KRAS-mutant clone. Biopsy of a different liver metastasis' segment that progressed despite panitumumab and trametinib revealed the same KRAS mutation identified in ctDNA.
How genomic heterogeneity associated with acquired resistance to targeted agents affects response to subsequent lines of therapy is unknown. Exposure to therapy may result in selection of sub-clonal cell populations, capable of growing under drug pressures. Therefore, a single-lesion biopsy at disease progression may vastly underrepresent the molecular heterogeneity of resistant tumor clones in an individual patient and may fail to detect the existence of distinct but important resistance mechanisms that could impact clinical response. To this aim, we identified a colorectal cancer (CRC) patient in whom multiple tumor biopsies were obtained at resistance following prolonged response to with the anti-EGFR antibody cetuximab and irinotecan therapy. Full-exome sequencing of 1000 cancer genes of both primary tumor and progression biopsy revealed a TP53 mutation in all samples and a novel MAP2K1 p.K57T mutation in one of the progressing liver biopsy. Interestingly, a mutation at the same MAP2K1 codon was identified in the cetuximab-resistant HCA46 CRC cell line. Biochemical analysis of preclinical model showed constitutive activation of MEK and ERK despite cetuximab treatment. Exogenous expression of the same mutant MEK1, but not wild-type MEK1, in an independent RAS-WT CRC cell line, LIM1215, conferred resistance to cetuximab or panitumumab. However, the combination of the MEK inhibitor trametinib with either cetuximab or panitumumab restored sensitivity, suggesting a potential therapeutic strategy to overcome resistance to EGFR blockade caused by this mutation. Accordingly, the patient was treated with the combination of panitumumab and trametinib. After 3 months, imaging demonstrated a reduction in size of the biopsied liver metastasis harboring the MAP2K1 mutation, but revealed that some other lesions had progressed. Plasma for circulating DNA (ctDNA) analysis was longitudinally collected during combinatorial treatment. Pre-treatment plasma was analyzed using nextgeneration sequencing (NGS), confirming the presence of both TP53 and MAP2K1 variants, but surprisingly unveiling an additional KRAS mutation. ddPCR analysis of longitudinal timepopints of ctDNA unveiled that TP53 mutant levels dropped after initiation of therapy, but rose later during treatment with concomitantly/in parallel to CEA ones. However, MAP2K1 mutant levels declined, while KRAS mutant ones rose markedly during therapy, indicating outgrowth of a resistant KRAS-mutant clone. Biopsy of a different liver metastasis' segment that progressed despite panitumumab and trametinib revealed the same KRAS mutation identified in ctDNA.
In summary these findings illustrate how individual metastatic lesions can develop distinct resistance mechanisms to targeted agents, leading to striking differences in lesion-specific response to subsequent targeted therapies. As more trials evaluating targeted therapy strategies designed to overcome specific acquired resistance mechanisms enter the clinic, genomic results from single-tumor biopsies should be interpreted with caution. By contrast, liquid biopsy approaches have the potential to detect the presence of simultaneous resistance mechanisms residing in separate metastases in a single patient and to monitor the effects of subsequent targeted therapies. The discovery of chemical probes by testing libraries of small molecules against cellular pathway screens has re-emerged as a hit discovery strategy. We previously reported a series of 3,4,5-trisubstituted pyridines identified from a high-throughput cell-based reporter assay of WNT pathway signaling. We were able to optimize this series and identified CCT251545 as a chemical tool that potently inhibits readouts of WNT signaling pathway activity with evidence for in vivo activity. A series of cell-based assays activating WNT signaling at distinct loci identified the TCF locale as the likely target. CCT251545 was not a general inhibitor of the transcription machinery and did not affect expression of TCFs. Regulation of beta-catenin/TCF transcription involves recruitment or loss of DNA binding proteins, histone modification and also interaction with additional protein networks. Given the potential complexity of these multiple networked interactions, we employed an unbiased chemical proteomics strategy to identify molecular targets of CCT251545. Knowledge of the structure-activity-relationships of the series allowed us to identify derivatives that retained cellular potency and were suitable for linker coupling to generate an affinity matrix. SILAC-based quantitative mass spectrometry identified target proteins captured by incubation of the immobilized compound with lysates from cells grown in media with different forms of isotopically-labeled amino acids. Competition experiments with unconjugated analogues allowed us to identify affinities of proteins bound to the immobilized probe. These experiments identified Mediator complex-associated protein kinases CDK8 and CDK19 as targets of the 3,4,5-trisubstituted pyridine series. We show that CCT251545, is a selective and potent ATP competitive chemical probe for these two kinases, with >100-fold selectivity over 291 other kinases. X-ray crystallography demonstrates a Type 1 binding mode involving insertion of the CDK8 Cterminus into the ligand-binding site. In contrast to Type II-like CDK8/19 ligands, CCT251545 displays potent cell-based activity. We demonstrate that CCT251545 not only alters WNT-pathway regulated gene expression, but also other CDK8/19 targets including genes regulated by STAT1. Consistent with this we find that phosphorylation of STAT1SER727 is a biomarker of CDK8 kinase activity in vitro and in vivo. Finally, we show in vivo activity of CCT251545 in WNT-dependent tumors. The potential role for CDK8, and by implication CDK19, as an oncoprotein further highlights the need for an active and specific probe compound that can be used as a complementary reagent to RNAi tools. Here we demonstrate that the small molecule CCT251545 fulfils this requirement as a potent, selective, cell-active chemical probe that can be used with confidence to explore the consequences of CDK8/19 kinase function in cellular and in vivo animal models.
PR03 Novel ceritinib resistance mechanisms: New resistant mutation, fibroblast growth factor receptor 3 overexpression and cMET amplification-mediated ceritinib resistance. Ryohei Katayama, Takuya Sakashita, Noriko Yanagitani, Kengo Takeuchi, Makoto Nishio, Naoya Fujita. Japanese Foundation for Cancer Research, Tokyo, Japan.
Anaplastic lymphoma kinase (ALK) rearrangement, which was first identified in non-small cell lung cancer (NSCLC) in 2007, is observed in 3%-5 % of non-small-cell lung cancer (NSCLC) patients. For the treatment of ALK-rearranged non-small-cell lung cancer (NSCLC) patient, crizotinib, cMET/ALK/ROS1-TKI was tested and has shown remarkable tumor shrinkage in clinical trials for the treatment of advanced ALK-rearranged NSCLC patients. However, these tumors inevitably develop resistance to crizotinib due to various secondary mutations, ALK fusion gene amplification, or bypass pathway activation mediated by other receptor tyrosine kinases. To overcome crizotinib resistance, multiple ALK-TKIs have been developed. Ceritinib, a nextgeneration ALK-TKI, showed great efficacy in crizotinib-refractory, ALK-rearranged NSCLC patients in a clinical trial. However, the emergence of resistance to ALK-TKI is a major limitation for the effective therapy.
Proffered Papers
Although various secondary mutations or bypass pathway activation-mediated resistance have been identified, large part of the resistance mechanism is still unknown.
In this study, we explored ceritinib-resistant mechanisms using ceritinib-resistant, echinoderm microtubuleassociated protein-like 4-ALK-positive H3122 cells and ceritinib-resistant patient-derived cells. Genetic alteration was examined by sequencing of cancer related genes. Protein expression related to ceritinib was examined by receptor-tyrosine kinase (RTK) array, immunoblotting and IHC. To overcome the identified resistance, single or combination treatment of the kinase inhibitors was testes in vitro and in vivo.
We identified three novel ceritinib resistance mechanisms: a resistance mutation (L1198F), fibroblast growth factor receptor 3 (FGFR3) activation, and cMET gene amplification. L1198F-mutated ALK was the most sensitive to crizotinib. Molecular dynamic structure simulation successfully predicted the affinity of ceritinib or crizotinib to wild type and L1198F-mutated ALK. The patient-derived cMET-amplified ceritinib-resistant cells were sensitive to crizotinib, and the FGFR3-upregulated, ceritinib-resistant H3122 cells were resensitized to ALK-TKIs by FGFR inhibitor co-treatment.
Our study revealed multiple ceritinib resistance mechanisms and suggest that some of the ceritinib resistance can be overcome by crizotinib. Recent breakthrough in checkpoint blockade drugs achieved remarkable success in treating late stage tumors, although a substantial fraction of patients failed to respond. Despite growing efforts, the clinical and molecular prognostic predictors of immunotherapy response remain elusive. We developed a novel computational method to deconvolute six tumor-infiltrating immune cells from the molecular profiles of over 10,000 samples across 23 cancer types, and validated the estimates using simulations, orthogonal estimates, and pathology. Correlating the computationally-inferred immune infiltrates with patient clinical features, viral infection status, and cancer genetic alterations, we discovered associations not only extensively supported by previous studies, but also novel ones such as B cell infiltration with better outcome in glioblastoma. Analysis of cancer/testis antigen expression and CD8 T-cell abundance suggested that MAGEA3 is potentially effective in melanoma but not in NSCLC, and implicated CALR3 and SPAG5 as alternative cancer vaccine targets. We also observed PD-1 and CTLA4 expression to be associated with CD8 T-cell abundance in most cancers, supporting combined use of checkpoint blockade drugs. Finally, we found that melanomas expressing high levels of CTLA4 showed two distinct levels of CD8 T-cell infiltration, which may influence clinical responses to anti-CTLA4 agents. Taken together, our systematic analyses of tumor immunity have the potential to inform effective cancer vaccines and checkpoint blockade therapies. Genomic assessment of exceptional responders is a promising approach to identify predictors of response to antibody therapy directed against the immune checkpoint programmed death 1 (PD-1) receptor, which has been shown to yield prolonged and deep responses in multiple types of human cancer. We identified a patient with endometrial cancer who experienced an exceptional response to pembrolizumab, an antibody to programmed death 1 (PD-1) receptor. The primary endometrial cancer specimen and the biopsy from the recurrent supraclavicular lymph node (LN) metastasis obtained prior to treatment were analyzed by hybridcapture based genomic profiling at a commercial CLIA-certified laboratory, Foundation Medicine, targeting all exons of 315 cancer-related genes. In the patient's pre-treatment endometrial cancer specimens we identified a mutation in DNA polymerase epsilon gene (POLE), which is associated with disruption of the exonuclease activity required for proofreading function and results in a high mutation burden or "ultramutator" phenotype. This tumor did harbor a large number of mutations: 32 likely pathogenic sequence variants and 116 variants of unknown significance (VUS). We next reviewed genomic alterations in 252 deidentified endometrioid endometrial cancers that underwent genomic profiling with the FoundationOne assay and determined that 23 (9.1%) had sequence variants in POLE. The cancers with POLE sequence variants had a mean of 21.2 +/-4.1 mutations identified as likely pathogenic and 82.2 +/-25 variants identified as VUS, compared with a mean of 7.5+/-0.5 likely pathogenic variants and 12.8 +/-2.6 VUS in POLE wt cases (mean +/-S.E.; p<0.005 and P=0.015 , respectively). This is consistent with TCGA data showing that POLE mutant cancers typically harbor an extremely high mutational burden. To determine if POLE mutant cancers were associated with an immune signature, analysis of RNA sequencing data from endometrioid endometrial cancers in TCGA was performed. POLE mutant cancers have higher expression of several genes encoding for immune checkpoint-related proteins, including PD-L1 and PD-L2, than either MSI or MSS endometrioid cancers. POLE mutant cancers also showed higher expression of T-cell markers such as CD8A, CD3G, PD-1 and CTLA-4, suggesting the presence of a pre-existing T-cell infiltrate. Analysis of histologic image data from TCGA confirmed that POLE mutant cancers had presence of a robust lymphocytic infiltrate. These data suggest that endometrial cancers harboring POLE mutations are associated with expression of immune checkpoint genes and evidence of lymphocytic infiltration. Thus, these tumors may be exceptionally vulnerable to treatment with immune checkpoint inhibitor therapy. We propose further clinical investigation with immunotherapy in endometrial and other cancers with POLE mutations.
Concurrent Session 4: Therapeutic Vaccines
PR06 Phase 1b dose-escalation study of trametinib (MEKi) plus palbociclib (CDK4/6i) in patients with advanced solid tumors. Ryan J. Sullivan This abstract has been withheld from publication due to its inclusion in the AACR-NCI-EORTC Molecular Targets Conference 2015 Official Press Program. It will be posted online at the time of its presentation in a press conference or in a session. Chimeras), bi-functional molecules that have an AR binding moiety on one end and an E3 ligase-recruiting element on the other end, which leads to AR ubiquitination and degradation. We have applied this technology to determine whether it could address mechanisms of resistance to current therapy in prostate cancer models.
Concurrent Session 6: Advances in Targeting the Hormone Axis
Our lead AR PROTAC, ARV-330, degrades AR in LNCaP and VCaP cells with 50% degradation concentrations (DC50s) < 1nM. AR degradation had functional consequences in cells, suppressing the AR target gene PSA, inhibiting proliferation, and potently inducing apoptosis in VCaP cells, with maximal apoptosis observed around 20 nM, versus 1 uM for enzalutamide. While both ARV-330 and enzalutamide block proliferation of VCaP cells in response to 0.1 nM of the AR agonist R1881, enzalutamide lost antiproliferative potency with increasing R1881 concentrations, whereas ARV-330 maintained antiproliferative effects. In cells containing the ARF876L mutation, enzalutamide was ineffective; however, ARV-330 maintained complete effectiveness. In mice, ARV-330 exhibited good pharmacokinetic properties, with t1/2 values of several hours and bioavailability of >80% after sc injection. Treatment of mice with ARV-330, at doses ranging from 0.3 to 10 mg/kg, resulted in reduction of AR protein levels and prostate involution in normal mice and, in mice implanted with VCaP tumors, reduction in plasma PSA and blockade of tumor growth.
In summary, the AR PROTAC ARV-330 removes AR from prostate cancer cells in a potent manner and produces therapeutic effects as a result. This cellular efficacy has translated into biomarker activity and efficacy in animal models, and ARV-330 is now in preclinical development. Thus, targeted degradation of AR may provide a novel mechanism for providing efficacious therapy for patients with prostate cancer for whom current therapies have failed.
PR09 TAS3681, a new type androgen receptor antagonist, suppresses ligand-independent AR activation through its AR downregulation activity. Daisuke Kajiwara, Kazuhisa Minamiguchi, Masanao Seki, Hiroya Mizutani, Hiroki Aoyagi, Shigeo Okajima, Eiji Sasaki, Teruhiro Utsugi, Yoshikazu Iwasawa. Taiho Pharmaceutical Co., Ltd., Tsukuba, Japan.
Background: Inhibitors of androgen receptor (AR) signaling axis, such as enzalutamide and abiraterone, represent important advances in the management of castration-resistant prostate cancer (CRPC). However, resistance to these drugs is still occurring. Recent reports suggest that there are several mechanisms of resistance. Ligand independent AR activation such as induction of AR splice variants or c-Myc expression is a major emerging mechanism of CRPC progression. There is an urgent need for developing a novel therapy to address these unresolved issues.
Methods: For assay of androgen-independent AR transactivation, prostate cancer cells were transiently transfected with androgen-responsive reporter gene construct. The transfected cells were treated with growth factor and cytokine in steroid-depleted media, and luciferase activity was measured. To evaluate the effect of TAS3681 on AR and c-Myc protein expression, prostate cancer cells were treated with TAS3681 in steroid-depleted media. AR and c-Myc protein levels were determined by Western blot. Real-time PCR was used to analyze the mRNA levels of c-Myc and c-Myc target gene. Chromatin immunoprecipitation was performed to determine the enrichment of AR at the element.
Results: TAS3681 dose-dependently reduced AR protein levels in prostate cancer cells. In contrast to enzalutamide, TAS3681 suppressed androgen-independent AR transactivation by growth factor and cytokine. In prostate cancer cells which express full-length AR and splice variant AR-v7, TAS3681 suppressed AR-v7 target gene expression through downregulation of AR-v7 occupancy at the enhancer. Moreover, TAS3681 reduced expression of c-Myc, critical driver of androgen-independent mechanisms of prostate cancer progression, via AR downregulation activity. In addition, real-time PCR assay showed the suppression of c-Myc and c-Myc target gene mRNA levels by TAS3681 but not by enzalutamide. Breast cancer is the most frequent type of cancer diagnosed in women, with over 200,000 new cases diagnosed in the US each year. Treatment strategies are typically based on the tumors receptor status; that is, whether a tumor expresses estrogen receptor (ER), progesterone receptor (PR), or Her2. Estrogen receptor positive (ER+) breast cancers comprise approximately two-thirds of all breast cancers. For decades the approach to treat ER+ disease revolved around altering the ligand interactions with the receptor; either by preventing estrogen binding (e.g., tamoxifen) or preventing estrogen biosynthesis (aromatase inhibitors). While patients typically respond well to these agents, estrogen-independent ER activity and recurrent ER mutations are increasingly being reported as contributing factors to endocrine resistance and continue to be a clinical hurdle. Given this growing unmet medical need, selective estrogen receptor downregulators, or SERDs, have gained widespread attention as new therapeutic treatment strategies for ER + disease. Indeed, fulvestrant has been shown to downregulate ER and cause tumor growth inhibition in many ER+ breast cancer models. However, in the clinic fulvestrant appears to be limited by PK exposure properties and this, combined with its intramuscular route of administration, underscores the need for novel orally available SERDs. Here, we describe RAD1901, an orally administered SERD that binds ER and targets it for degradation in a dose-dependent manner. Biochemical affinity binding studies and cocrystallization experiments revealed insights into RAD1901 complexes with both wild-type and mutant forms of ER. In addition, RAD1901 treatment resulted in decreased cell proliferation in in vitro breast cancer cell lines and had profound single agent tumor growth inhibition in in vivo xenograft models. Consistent with these findings, RAD1901 treatment resulted in decreased expression levels of ER target genes. Interestingly, the extent of tumor growth inhibition induced by RAD1901 in vivo was dependent on ER expression levels, demonstrating the specificity of RAD1901 and predicting its activity in ER-driven cancers. Importantly, RAD1901 was also able to induce significant tumor growth inhibition in clinically relevant and representative patient-derived xenograft models, at a level similar to or greater than fulvestrant. In conclusion, our preclinical data demonstrate that RAD1901 is an orally available SERD, with potent single agent antitumor activity. RAD1901 is currently under clinical investigation in post-menopausal women with advanced ER+ disease.
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